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inertial navigation systems, t03 
instrument choice, 9-11 
instrument design, 9-11, 39, 41, 43 
instumentation amplifier, 87-8 
instrumentation networks, 187-99 
integrated circuit transistor sensors, 286 
intelligent devices, 42, 165-85 

in acceleration measurement, 385 
in dimension measurement, 422, 423 
in displacement measurement, 399 
in flow measurement, 178, 338 
in force and mass measurement, 355 
in level measurement, 351 
in pressure measurement, 316 
in temperature measurement, 300, 302 

interfacing, 167, 174-7, 187-99 
international practical temperature scale 

(ITPS),271 
intrinsic safety, 236 
ionisation gauge, 315 
ISO-7 protocol, 197, 198-9 
ISO 9000, 66, 69 

kinematic viscosity, 429 

LAN see local area network 

! , 

laser Doppler flowmeter, 258, 337 • 
laser interferometer, 376 
law of intennediate metals, 275-6 
law of intennediate temperatures, 277-9 
least squares regression, 216-20 
length bar, 424 
level measurement, 12, 257, 340-51 
line-type heat detector, 282 
linear variable differential transfonner 

((LVDT), 368 
linearization, 90-1 
linearity, 19 
liquid-in-glass thennometer, 26, 295, 302 
Lisajous patterns, 143-4 
load cell, 352-6 
local area network, 187, 190, 192-9 
lock-in amplifier, 78, 93-4 
low pass filter, 80, 81, 83, 85 
lower explosive level, 439 
L VDT see linear variable differential 

transfonner 

magnetic sensors, 247-50, 410 
magnetic tape recorder, 209-10 
magnetostrictive tachometer, 410 

manometers, 310-1, 317 
manufacturing tolerances, 53-6 
MAP (manufacturing automation protocol), 

199 
mass flow rate, see flow measurement 
mass measurement, 342-9 
mass spectrometer, 443 
Maxwell bridge, 131-2 
McLeod gauge, 314-5 
mean, 43-4 
mean-time-between-failures, 225 
mean-time-to-repair, 225 
measurement disturbance, 33-8, 125-8, 

140 
measurement system design, 8, 37-9 
measurement uncertainty, 16-17 
measuring units, 3-6, 445-51 
mechanical flyball, 413 
median, 43-4 
metal oxide gas sensors, 442 
meters, 102-13 
metric units, 6 
metropolitan area network (MAN), 198 
microbend sensor, 307 
micrometers, 69-70, 422-3 
microprocessor, 166 
micro sensors, 268-70, 306 
mirror galvanometer, 208 
modem, 193 
modifying inputs see environmentally 

induced errors 
moisture measurement, 432-6 
moving coil meters, 105, 140 
moving iron meters, 106, 140 
multimeters, 102, 104, 108-9, 136 
multiple earths, 74 
multiplexing, 155, 160 
multivariable transmitter, 180 

National Measurement Accreditation 
Service (NAMAS), 68 

National Standards Organisations, 67 - 70 
National Testing Laboratory Accreditation 

Scemem (NATLAS), 68 
natural frequency of instruments, 28-9 
networks, 192-9 
neutron moderation, 433 
noise, 73-8 
nonnal distribution, 48 
nonnal probability plot, 54-5 
notch filter see band pass filter 

-



nozzle flapper, 373 
nuclear magnetic resonance (NMR), 433 
nuclear sensors, 267-8, 319 
null type instruments, 13-4 
numerically controlled machine tools, 374, 

377, 394, 400 

octal numbers, 170-3 
ohmmeter, l36 
one-out-of-two voting, 240 
one's complement, 168 
open systems interconnection seven layer 

model, 197, 198-9 
operational amplifier, 87-95 
optical fibres see fibre optics 
optical incremental shaft encoder, 392-4 
oplical pyrometer, 289-90 
optical resonator, 258 
optical sensors, 252-9 
optical shaft encoder, 393-4 
optical tachometer, 408 
optical wireless telemetry, 160-1 
organic gas sensors, 442 
orifice plate, 322-5, 339 
oscilloscope see cathode ray oscilloscope 

paper-tape gas sensor, 441 
paperless recorder, 211 
parallax error, 102 
parallel communication/interface, 187 -8, 

190-2 
parity bit, 189, 190 
pass band, 79, 82 
passive filters, 81-5 
passive instruments, 12-l3 
PCI (Peripheral component interconnect), 

174, 184 
PCM see pulse code modulation 
pendulum scale, 358 
pH measurement, 437 
phase-locked loop, 77, 142-3 
phase measurement, 145-7 
phase-sensitive detector, 93-4, 147 
photon detector, 290, 292 
piezoelectric gas sensor, 443 
piezoelectric transducers, 250-1 
piezoresistive transducers, 252, 306 
Pirani gauge, 3l3-4 
Pitot tube, 322, 326-7 
platinum resistance thermometer, 284 
pneumatic signal transmission, 154 
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pollution monitOring and control, 440 
positive displacement flowmeter, 328-9, 

339 
potentiometers, 25, 365~8, 390,402 

induction, 402 
rotational, 390 
translational, 365-8 

preamplifier, 92 
precession, 403 
precision, 17 
presentation of data see data presentation 
pressure measurement, 12-14,304-18 

high pressures, 315-6 
low pressures, 312-5 

pressure thermometer, 296-7, 302 
primary fixed point (of temperature), 271 
primary reference standard, 69 
probability curve, 47 
probability density function, 47 
programming and program execution, 

173-4 
Prony brake, 361 
protractors, 426-7 
proximity sensors, 381 
PRT see platinum resistance thermometer 
psychrometer,435 
pulse code modulation (PCM), 163 
pulsed temperature sensor, 301 
pyrometers, 287-93, 301 
pyrometric cone, 299 

Q factor (quality factor), l31 
quantization, 97 
quartz thermometer, 297, 302 

radiation pyrometerlthermometer, see 
pyrometers 

radio telemetry, 161-3 
random access memory (RAM), 166 
random errors, 33, 42-56 
range (of instrument), 18-19 
range measurement, 263, 378-81 
ratio pyrometer, 292-3 
read only memory (ROM), 166-7 
recorders see signal recorders 
recording oscilloscopes, 209 
redundancy, 230 
reference standards, 67 - 70 
refractive index measurement, 257 
refractometer, 433 
regression techniques, 215-220 
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relative humidity, 432 f 
reliability, 224-35 

..,. 

components in parallel, 229 
components in series, 228 
manufacturing systems, 224-31 
measurement systems, 224-31 
safety systems, 236-41 
software, 232-5 

repeatability/reproducibility, 17 
resistance measurement, 119-30, 134-7 
resistance temperature device (RTD), 

283-5,301 
resistance thermometer, 283-5, 301 
resistive sensors, 247 
resolution, 20 
resolver, 398-9 
resonant-wire pressure sensor, 311-2, 317 
Reynolds number, 324 
ring laser gyroscope, 405 
ring network, 194-5 
rise time, 114 
risk analysis, 237 

! , 

rogue data points, 55-6 ~~ 
rotameter, 327 .~ 
rotary differential transformer, 39<1 • 
rotary piston flowmeter, 328-9 < 

rotational acceleration, 417-8 
RS232 interface, 190 
RTD see resistance thermometers 
rules (measuring), 419-20 

safety systems, 235-41 
safety integrity level (SIL), 237 

sample and hold circuit, 97 
sampling of signals, 95-7 
scale factor drift, 21-2 
second order type instruments, 28-9, 205 
secondary fixed point (of temperature), 271 
secondary reference standard, 67 
Seger cone, 299 
selected waveband pyrometer, 293 
selection of instruments see instrument 

choice 
self-calibration, 179, 182 
self~diagnosis, 180, 182 
semiconductor gas sensors, 442 
semiconductor strain gauge, 251-2 
semiconductor temperature sensor, 286-7, 

301 
sensitivity drift, 21-2, 37 
sensitivity of measurement, 19-20, 25 

sensitivity to disturbance, 20-22 
sensor, 8 
serial communication/interface, 187 - 90 
shaft encoders, 392-7 
shielding, 77, 152 
shock measurement, 388-9 
shot noise, 75 
SI units, 6,445-51 
sigma-delta technique, 268 
signal display, 200-1 
signal measurement, 102-18 
signal processing, 8, 78-101 

analog, 78-95 
digital, 95-101 

signal recording, 202"-11 
signal sampling, 95-7 
signal-to-noise ratio, 73 
signal transmission, 9, 151-64, 188-99 
simplex communication, 188 
sing-around flowmeter, 336 
slip gauge, 423-4 
smart micro sensor, 185 
smart sensor, 165, 177, 179-80 
smart transmitter, 165, 177, 179, 180-4 
smoke detector, 254 
solid-state electrochemical cells, 442 
solid-state gas sensors, 442 
sound measurement, 436 
span, 18-19 
specific humidity, 432 
spirit level (angle-measuring), 426-7 
spring balance, 359 
standard deviation, 44-6 
standard error of the mean, 52-3 
standard measurement units, 4-6, 445-51 
Standards Laboratories, 67 - 9 
standby systems, 240-1 
star network, 193-4 
static characteristics of instruments, 16-23 
static sensitivity of instruments, 26 
statistical analysis of data, 42-56 
steel rule/tape, 419-20 
stop band, 79, 82 
storage oscilloscope, 118, 211 
strain gauge, 251-2, 258,305,371-2 
stroboscopic velocity measurement, 410 
student-t distribution, 56 
synchro, 399-402 
synchro-resolver, 398-9 
synchro transformer/transmitter, 401 
systematic errors, 32-42, 91 

--



tabular data presentation, 212-3 
tachometric generators (tachometers), 

407-10 
tank gauge, 341 
target meter, 337 
telemetry, 160-3 
temperature coefficient, 38, 39, 285, 366 
temperature measurement, 255-9, 270, 

271-303 
thermal detector, 290 
thermal e.m.f., 75, 272 
thermal imaging, 293-4, 349 
thermal mass flow meter, 320-1 
thermistor, 285-6, 301 
thermistor gauge, 314 
thermocouple, 272-83, 300-1 
thermocouple gauge, 313 
thermocouple meter, 110 
thermocouple tables, 276-7, 458-63 
thermoelectric effect, 75, 272-83 
thermography, 293-4, 349 
thermometer (liquid-in-glass type), 26, 

295, 302 
thermopile, 282 
Thevenin's theorem, 34-7, 125-8,452-7 
threshold, 20 
time base circuit, 117 
time constant, 27 
tolerance, 17-18,53-6 
torque measurement, 361-4 
total measurement error, 56-9 
touch screens, 201 
traceability, 67-70 
transducer, 8 
transmitter, 9 
triggering, 117 
turbine meters, 329-30, 339 
twisted pair, 76 
two~colour pyrometer, 292-3 
two-out-of-three voting, 239 
two's complement, 168 

UART interface, 174 
U-tube manometer, 310-1 
ultrasonic flowmeters, 332-6, 339 
ultrasonic imaging, 267 
ultrasonic level gauge, 344 

ultrasonic principles, 260-7 
ultrasonic rule, 420 
ultrasonic thermometer, 299 
ultrasonic transducers, 259-67 
ultraviolet (UV) recorder, 208-9 
uncertainty, 16-17 
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units of measurement, 3-6, 445-51 
USB (universal serial bus), 174 

V24 interface, 190 
vacuum pressures, 312-5 
variable area flowmeter, 327-8, 339 
variable reluctance sensors, 248, 408, 413 
variance, 44-6 
variation gauge, 428 
vee block, 419 
velocity measurement: 

rotational, 407 -17 
translational, 382-3 

venturi, 322, 323, 325 
vibrating level sensor, 348 
vibrating wire force sensor, 360 
vibration measurement, 386-8 
viscosity measurement (viscometers), 

429-31 
voltage comparator, 92-3 
voltage follower, 92 
voltage to current conversion, 152 
voltage to frequency conversion, 153-4 
volume flow rate measurement- see flow 

measurement 
volume measurement, 428-9 
vortex shedding flowmeter, 332, 339 

weigh beatp., 357 
weighing see mass measurement 
Wein bridge, 144-5 
wet and dry bulb hygrometer, 435 
Wheatstone bridge, 120-1 
Wide area network, 198 
wringing (gauge blocks), 424 

x-y plotter, 145-6 

zero drift, 21, 37, 91 
zero order type instruments, 25 
zirconia gas sensor, 442 




